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Abstract. At energies much larger than the mass of the weak gauge bosons,
electroweak radiative corrections can lead to signicant corrections. At 1 TeV the
one loop corrections can be of O (20%) due to large contributions of the Sudakov
type. We summarize recent progress in the evaluation and resummation of the
double and single logarithmic corrections to general scattering amplitudes for
fermions, transversely as well as longitudinally polarized external lines.
With the advent of future colliders in the TeV range (such as the LHC
or linear e colliders), the evaluation of electroweak radiative corrections has
become an important ingredient in the search for new physics signals. In prin-
ciple one loop corrections can be calculated reliably in perturbation theory and
contain the largest part of the higher order corrections - up to O (20%) at TeV
energies. Precision measurements at LEP have demonstrated the extraordi-
nary success of the Standard Model (SM) and thus restricted any extensions
to a high degree of conformity, i.e. all phenomenologically viable eld theoret-
ical models must not dier to a large degree from the SM for
p
s  M . Thus
it is likely that the physics responsible for the spontaneous breaking of the
SU(2)  U(1) gauge symmetry -if dierent from the SM Higgs mechanism-
can only be disentangled from competing scenarios by measurements in the
percentile precision regime1. Typical scenarios at energies above the weak
scale include establishing supersymmetric relations between couplings, what
type of supersymmetry would be realized in nature, investigating the nature
of possible strong interaction physics in the W sector, is the SM-Higgs sector
minimal or establishing the Higgs mechanism experimentally by reconstruct-
ing the potential. Thus, also two loop electroweak corrections, typically in the
percent-regime at TeV energies, cannot be neglected. While at LEP energies
radiative corrections from QCD dominate Drell Yan processes for instance,
electroweak corrections can become comparable and even dominating at high
energies. In general one expects the SM to be in the unbroken phase at high
1) We do not consider theories with large extra spatial dimensions at the TeV scale for
now.
energies. There are, however, some important dierences of the electroweak
theory with respect to an unbroken gauge theory. Since the physical cuto
of the massive gauge bosons is the weak scale M  MW  MZ  MH, pure
virtual correction lead to physical cross sections depending on the infrared
\cuto". This is the indeed the reason for the large size of the Sudakov cor-
rections. The photon needs to be treated in a semi-inclusive way. Additional
complications arise due to the mixing involved to make the mass eigenstates
and the fact that at high energies, the longitudinal degrees of freedom are not
suppressed. Furthermore, since the asymptotic states are not group singlets, it
is expected that fully inclusive cross sections contain Bloch-Nordsieck violat-
ing electroweak corrections [1]. In Ref. [2] the leading QCD-like DL corrections
were resummed to all orders using the gauge invariant infrared evolution equa-
tion method [3] and a non-Abelian version of Gribov’s bremsstrahlung theorem
[4]. The DL corrections for longitudinal degrees of freedom were obtained in
Ref. [5] via the Goldstone boson equivalence theorem. The kernel of the equa-
tion diers in the high energy regime where the virtuality of the exchanged
gauge bosons is larger than the weak scale M and the regime below, where
only photonic corrections need to be considered. The explicit two loop DL
calculations in Refs. [6{8] with the physical SM elds for the process g −! ff
have conrmed this picture. In addition, the universal subleading corrections
for external fermions, transversely as well as longitudinally polarized gauge
bosons from Refs. [5,9] are in perfect agreement with one loop calculations in
the SM elds [10,11]. Thus the physical picture that emerges is clear. At high
energies, where particle masses can be neglected, the eective theory is given
by an unbroken SU(2) U(1) theory for fermions and transversely polarized
gauge bosons, modied at the subleading level by Yukawa corrections as a
unique ingredient of spontaneously broken gauge theories, and by the equiv-
alence theorem for longitudinally polarized gauge bosons. The contribution
from soft photons and collinear terms below the weak scale is determined by
QED (including mass terms in the corresponding logarithms). In this contri-
bution we will summarize the results of Refs. [2,5,9] and briefly discuss their
signicance at TeV energies. Including soft bremsstrahlung with a cut on the
allowed k?  µexpt  M of the emitted real photons, and regularizing vir-
tual IR divergences with a cuto k?  µ, we nd for the semi-inclusive cross
sections:
dσ(p1, . . . , pn, g, g









































wγexpt(s, mi, µ, µexpt)
)
The functions W and w correspond to the logarithmic probability to emit a
soft and/or collinear gauge boson per line, where the capital letters denote the
probability in the high energy eective theory and the lower case letter the cor-
responding one from pure QED corrections below the weak scale. The match-
ing condition is implemented such that for µ = M only the high energy eec-
tive solution remains. For the contribution from scalar elds φ = fφ, χ, Hg
above the scale M we have
























































and also for external transversely polarized gauge bosons:












































where ngen denotes the number of fermion generations and nh the number of
Higgs doublets. Again we note that for external photon and Z-boson states
we must include the mixing appropriately as discussed in Ref. [5]. For the
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, µ 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for the virtual corrections and for real photon emission we have in the soft
photon approximation:
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 mi
where n is the number of external lines and the upper case applies only to
fermions since for W we have µ < M . Note that in all contributions from the
regime µ < M we have kept mass terms inside the logarithms. This approach






overall µ-dependence in the semi-inclusive cross section cancels and we only
have a dependence on the parameter µexpt related to the experimental energy
resolution. All universal Sudakov corrections at DL and SL level exponentiate.
The size of the DL correction at the two loop level is typically O(0.2%) at
1 TeV per line on the level of the cross section and the subleading universal
corrections can be of the same order. The two loop eects are thus non-
negligible. For processes with Yukawa enhanced SL contributions, the overall
Sudakov suppression is enhanced. For processes with a large angle dependence,




for which only one loop







should be inlcuded via a running coupling in each loop
correction in analogy to QCD [13,14].
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